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BRISSON C, VINET A, VEZINA M, GINGRAS S. Effect of duration of employment in piecework on
severe disability among female garment workers. Scand J Work Environ Health 1989;15:329—334. This
study measured the association between duration of employment in piecework and the prevalence of severe
disability among 533 Quebec female garment workers who left employment between 1976 and 1985. Yearly
information regarding occupational characteristics was available from a public agency for the 30-year
period 1956—1985. Information on disability status was collected in a personal interview. Duration of
employment in piecework was associated with the prevalence of severe disability. A multivariate analysis
found that the association was independent of age, smoking habits, education, type of task and total length
of employment. Workers who spent 5—9, 10—14, 15—19, and =20 years in piecework had an increased
prevalence of severe disability in comparison with the base-line category of 0—4 years. The adjusted risk
ratios were 2.2 [95 % confidence interval (95 % CI) 1.0—4.6], 3.3 (95 % CI 1.5—6.9), 3.6 (95 % CI
1.5—8.4), and 2.3 (95 % CI 0.8—6.6), respectively. The association was particularly strong for disability
due to musculoskeletal problems and disability due to cardiovascular disorders although small numbers
were involved.
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This is the second of two papers on long-term disabil-
ity among female garment workers. The first showed
an increased prevalence of severe disability relative to
the corresponding prevalence for women employed in
other occupations (1). In the present study we inves-
tigated the determinants of severe disability within the
cohort of garment workers.

About one-half of the women employed in the Qué-
bec garment industry receive a piecework remunera-
tion (2). In other Canadian industries, such as textile,
rubber, furniture, shoe, and garment manufacturing,
a relatively large proportion of the work force is esti-
mated to be employed in various systems of piecework
(3). Therefore, the exposure of interest in the present
study was the time pressure experienced by workers
doing piecework, a type of paced work in which the
employee is paid according to the number of units
produced. The term ““paced work’’ refers more gener-
ally to any job in which human or physical constraints
determine the time in which a given task, and gener-
ally a specific quantity of production has to be accom-
plished by a worker (4). In addition to a high time pres-
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sure these jobs may involve repetitive motion and mo-
notony.

While piecework has often been associated with a
higher frequency of occupational injuries (5), little is
known about the adverse chronic health effects possi-
bly associated with this form of time pressure. Three
experimental studies have assessed the health effects
of piecework among factory and clerical workers by
comparing the level of urinary catecholamine excre-
tion of workers paid by piecework to that of workers
in the same job paid an hourly wage (6—38). All three
studies found a higher level of catecholamine excre-
tion among the workers paid by piecework. Catechol-
amine excretion is usually considered a good biologi-
cal indicator of the level of arousal in the presence of
a stressor (9). However, the meaning of such an indi-
cator in terms of future health effects remains largely
unknown. Levi (7) suggested that workers paid by
piecework may be more likely to deny their symptoms.
Pieceworkers may be less inclined to adapt their pace
when they experience pain or fatigue because of the
monetary consequence of slowing down. This situa-
tion could lead to the accumulation of tension and
fatigue and progress toward long-term adverse health
effects.

Some cross-sectional studies have evaluated the
health problems associated with other forms of paced
work (eg, machine-paced work, assembly-line work,
computerized control of individual production). One
often-cited study of 2010 workers by Caplan et al (10)
found that assembly-line workers had higher levels of
depressive symptoms and somatic complaints (sleep-
ing difficulties, digestive problems, loss of appetite,
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elevated heart rate, and sweating palms) than 23 other
occupational categories of blue-collar and white-collar
workers. They also had the second highest level of
anxiety and the third highest level of irritation symp-
toms. Results in line with these previous findings have
been reported when paced work was studied in auto-
mobile manufacturing (11), inspection on an assembly-
line (12, 13), fish processing (14), and service indus-
tries [eg, telephone operation (15) and data entry (16,
17)}.

Our previous study showed that garment workers
who had left employment had an increased prevalence
of severe disability compared with workers formerly
employed in other occupations (1). We hypothesized
that the time pressure induced by piecework, when ac-
cumulated over several years, had contributed to the
development of disabling conditions among the gar-
ment workers. The purpose of the current study was
thus to determine whether duration of employment in
piecework was associated with the prevalence of se-
vere disability within the cohort of garment workers.

Subjects and methods

The Quebec women’s garment industry is composed
of more than 500 small factories, each employing about
20—30 workers. Ninety percent of these factories are
in the Montreal area. Sewing-machine operators in the
various factories manufacture the same products
(women’s garments) with similar equipment. Little
automation is used in women’s garment manufactur-
ing because of the rapidly changing models and fabrics.
All factories tend to be concentrated in one industrial
area of the city and located in similar buildings. Em-
ployee turnover is high in the industry; 55 % of the
sewing-machine operators in our study were employed
in three or more different factories during their work-
life. Some differences may exist between factories in
terms of dust, noise, light, aiid posture. However, site
visits indicated that environmental factors did not ap-
pear to be systematically different in the factories using
a piecework system as compared with factories using
an hourly wage system. Thus it was possible to study
the effect of piecework among workers doing essen-
tially the same job in a comparable environment. The
inclusion criteria have been defined in our first paper
(1). Given the focus on severe disability, the present
study was restricted to workers who had left employ-
ment at the time of the interview (N =1533).
Various systems of piecework are used in different
industries (18). They can be classified according to the
proportion of the salary dependent on the number of
units produced. Piecework systems can also be classi-
fied according to the type of rate given by unit
produced. The rate can be fixed, but it can also de-
crease or increase above a certain number of units
produced. In the present study group, 100 % of each
worker’s salary was dependent on the quantity
produced, according to a fixed rate per unit.
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The classification of exposure to piecework was
based on the number of years in piecework between
1956 and 1985. All occupational data were abstracted
from records kept by the Comité paritaire du vétement
pour dames (Women’s Garment Joint Committee).
These records contained a complete work history for
each worker. This public agency is administered jointly
by the government, employers, and union representa-
tives and is in charge of enforcing laws regarding wages
and workhours in the garment industry. The informa-
tion is provided monthly by the employers. Inspectors
review the information regularly (on-site spot-check-
ing) and in response to workers’ complaints. The same
data have been collected and stored in a similar man-
ner by the Comité paritaire du vétement pour dames
since 1955.

One record per worker per year was available. Each
record contained a code for employer, job title, pay-
ment status (piecework versus hourly wage), the num-
ber of workhours, and the type of task. The repeti-
tive tasks were defined as those involving sewing only
a section of each garment and nonrepetitive tasks in-
volved sewing the whole garment. Because of the in-
completeness of the records, information regarding
type of task was obtained by interview for 1980—1985.
Exposure and other work characteristics were com-
puted for years in which the worker was employed
more than 1000 h to standardize the intensity of ex-
posure between categories.

Severe disability was defined as one or more dis-
abling conditions which prevented employment or the
conduct of housework for the 12 months preceding the
interview. Data regarding disability status, smoking,
and sociodemographic characteristics were collected by
interview. A full description of the disability indica-
tor and the data collection has been presented in our
previous paper (1).

The first step of the analysis entailed an analysis of
the prevalence of disability from all causes by occupa-
tional characteristics, education, and smoking status.
Risk ratios and 95 % Taylor-series confidence inter-
vals (19) were computed. A multivariate binomial
regression (20) was performed to estimate the asso-
ciation between disability and duration of employment
in piecework (and the variance of the estimates) while
potential confounders such as age, smoking status,
education, type of task, and total length of employ-
ment were controlled for. Potential confounders were
assessed with the use of a backward elimination strate-
gy, and they were retained in the model when their ex-
clusion resulted in a change of 15 % or more in the
effect estimates. The second level of analysis focused
on disability due to three groups of causes, ie, mus-
culoskeletal [International Classification of Diseases
(ICD) 710—739], cardiovascular (ICD 400—459), and
other disorders combined (21). Analyses were per-
formed with the statistical analysis system (22) and with
the generalized linear interactive modeling system (23).



Results

The study population was composed of 533 female
sewing-machine operators; this number represents
79.5 % of the eligible population. The overall preva-
lence of severe disability was 18.6 %. Details of the
population base, eligible population, response rate, and
a general description of the prevalence of disability
have been presented in our previous paper (1).

Table 1 shows the crude risk ratios for various oc-
cupational characteristics, education, and smoking sta-
tus. The prevalence of disability increased with the du-
ration of employment in piecework. A small increase
in the risk ratio was observed for smokers and less-
educated workers.

The regression analysis showed that the association
with duration of employment in piecework was con-
firmed after adjustment for age, smoking, total length
of employment, and proportion of years in repetitive
tasks. Workers who spent 5—9, 10—14, 15—19 and
=20 years in piecework had adjusted risk ratios of 2.2,
3.3, 3.6, and 2.3, respectively, compared with the base-
line category of 0—4 years in piecework (table 2).

We conducted a separate analysis for disability due
to specific causes. Duration of employment in piece-
work was associated with musculoskeletal disability
and, but perhaps to a less extent, with cardiovascular
disability. There was no association with all other
causes combined, and no other specific cause had suffi-
cient numbers to warrant a separate analysis. The
results remained essentially the same after confounders
were controlled for, but the small numbers produced
unstable effect estimates (table 2).

Discussion

This study examined the long-term effect of a specific
form of time-related work pressure. Several cross-
sectional studies have measured the short-term symp-
toms or changes associated with garment assembly and
various forms of paced work. However, this is the first
time that the long-term adverse health effects have been
directly investigated. The study design involved the fol-
lowing advantages over a cross-sectional study: (i) the
study population consisted of workers who had left
employment during the last 10 years; (ii) if the deceased
cases are excluded and given that the withdrawal from
employment is assumed to be permanent, the preva-
lence of disability represents the cumulative incidence
of disability for the 10-year study period (1976—1985);
(iii) the cumulative exposure to piecework and other
occupational characteristics were measured retrospec-
tively with objective records over the 30-year period
preceding the interview.

The study used a self-reported indicator of disabili-
ty. The limitations related to this indicator have been
discussed in our previous paper (1). Neither the ex-
posure status of the subject nor the exact hypothesis
of the study was known by the interviewers and inter-
viewees, and public and observable behaviors were
reported which reduced the possibility of reporting
bias. In addition, a self-reported cause of disability is
a valid source of information with which to identify
broad classes of disease like those used in this study.
This assumption is supported by Warren’s finding (24)
that the ability of impaired persons to report the un-

Table 1. Risk ratios for severe disability by occupational characteristics, education, and smoking status.

Total Severe disability Risk 95 %
number of —_— ratio confidence
workers N % interval
Years in piecework

0—4 94 9 9.6 1.0 #

5—9 108 20 18.5 1.9 0.9—4.0
10—14 124 31 25.0 26 1.4—5.0
15—19 126 32 25.4 2.7 1.4—5.0

=20 81 12 14.8 15 0.7—3.5
Total length of employment (years)

5—9 90 13 14.4 1.0 .
10—14 150 31 207 14 0.8—26
15—19 132 36 27.3 1.9 1.1—-3.3

>20 161 24 14.9 1.0 0.6—20
Years in repetitive task (% of total)
0 282 61 2186 1.0
1—49 117 21 18.0 0.8 0.5—1.3
50—99 72 12 16.7 0.8 0.4—1.3
100 62 10 16.1 0.8 0.4—1.4
Education (years)?
1—5 115 28 24.4 13 0.9—2.0
6—13 414 76 18.4 1.0 2
Smoking status®
Occasional smokers and nonsmokers 276 47 17.0 1.0 -
52 214 13 0.9—1.8

Smokers and ex-smokers 243

2 Four unknown.
b Fourteen unknown.
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Table 2. Adjusted risk ratios for severe disability from specific causes by duration of employment in piecework.2

) Number Cases 95 %
Cause of disability of of Risk ratio confidence
workers disability interval
Specific causes®
Musculoskeletal diseases
0—4 years in piecework 94 1 1.0 :
5—9 years in piecework 108 5 4.3 0.5—35.9
10— 14 years in piecework 124 12 10.0 1.0—79.3
15—19 years in piecework 126 8 8.0 0.8—76.8
>20 years in piecework 81 5 1.4 0.9—137.1
Cardiovascular diseases
0—4 years in piecework 94 1 1.0 :
5—9 years in piecework 108 5 51 0.6—43.6
10—14 years in piecework 124 5 48 0.5—44.2
15—19 years in piecework 126 7 6.8 0.7—711
=20 years in piecework 81 4 6.3 0.5—85.3
Other diseases
0—4 years in piecework 94 7 1.0 .
5—9 years in piecework 108 9 1.2 0.4—3.3
10—14 years in piecework 124 13 1.6 0.6—4.5
15—19 years in piecework 126 17 20 0.6—6.7
=20 years in piecework 81 2 0.0 0.0—5901
All causes
0—4 years in piecework 94 9 1.0 -
5—9 years in piecework 108 20 22 1.0—46
10—14 years in piecework 124 31 33 1.5—6.9
15—19 years in piecework 126 32 36 1.5—8.4
=20 years in piecework 81 12 23 0.8—6.6

2 Adjusted by binomial regression for age, smoking status, type of task, and total length of employment.

® Three cases had an unknown cause.

derlying medical condition is as high as 94 % when
compared with general practitioner’s assessments.

The main limitation of our external comparison in-
volved the possible bias due to differences in job re-
quirements. However, in the present study, this limi-
tation was overcome since this factor was controlled
by the nature of the study population. The compared
workers had all been employed in the garment indus-
try, and they lived in the same metropolitan area.
Therefore, their employment opportunity either in
piecework or hourly wage jobs in garment manufac-
turing or in other industries, along with their job re-
quirements, had been relatively similar. In addition,
educational level was controlled in the analysis, and
this procedure minimized bias due to differences in
qualification.

Duration of employment in piecework was asso-
ciated with the prevalence of disability. The associa-
tion was independent of age, smoking status, educa-
tion, type of task, and total length of employment. The
data thus showed that the prevalence of disability was
specifically associated with duration of employment
in piecework among workers previously employed as
sewing-machine operators for similar durations.

Our results are compatible with findings of previ-
ous cross-sectional studies of garment workers (25—29)
and other groups of paced workers (6—8, 10—17, 30),
which found a high frequency of physiological, mus-
culoskeletal, and psychological symptoms. More spe-
cifically, the association with musculoskeletal disability
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is compatible with the previous finding of a higher in-
cidence of disability pensions due to musculoskeletal
disorders among slaughterhouse workers (work which
also involves fast pacing) when compared with the
general population (31).

Among the 31 musculoskeletal disability cases, 19
were arthritic disorders (ICD 714—719), seven were
back disorders (ICD 720—724), and the remaining five
cases were dispersed among other categories or were
unspecified. In another section of our questionnaire,
a proportion of 58 to 77 % of the women reported
regular pain in the following sites: (i) lower back, (ii)
upper back and neck, (iii) shoulders, (iv) hands, wrists
or elbows, and (v) knees or ankles. All but one of these
women had at least one regularly painful site.

A high prevalence of musculoskeletal disorders is
compatible with the biomechanical stressors involved
in a sewing-machine operator’s job. The most frequent
type of arthritic disorder, osteoarthritis, is possibly as-
sociated with wear-and-tear on joints (32). This con-
clusion is supported by prevalence studies which have
shown specific affected sites in various occupational
groups (elbows and knees in miners, fingers in cotton
pickers, and fingers, elbows and knees in dock work-
ers) (32). In addition, two postural characteristics of
sewing-machine operators’ jobs (working in the same
position for a long period of time, including prolonged
sitting and bent-over position, and repetitive work) are
two of the six most important work-related factors as-
sociated with absence from work due to low-back pain



(32). Finally, repetitive hand motions are associated
with soft-tissue disorders in garment manufacturing
(29).

The fact that musculoskeletal disability was specif-
ically associated with duration of employment in piece-
work among the sewing-machine operators who had
performed identical tasks suggests a combined effect
of the time pressure induced by piecework and the bio-
mechanical stressors involved in performing the task.
Ergonomic studies (26, 30) have suggested a possibly
related phenomenon of a more bent and more rigid
posture when time pressure intensifies.

In conclusion, the data show that the duration of
employment in piecework was associated with an in-
creased prevalence of severe disability among garment
workers. The association was particularly high for dis-
ability due to musculoskeletal disorders and for car-
diovascular disability, although small numbers were
involved. For musculoskeletal disability, one possible
mechanism could be the combined effect of the bio-
mechanical stressors involved in performing the task
and the time pressure induced by piecework. Further
research is needed to determine whether or not
pieceworkers in other industries and other groups of
high-paced workers also experience disabling condi-
tions and to investigate the possible mechanisms.
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